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3 , , (1 3 )
. 4 , Ferrari [24] 3
, ,
. 4 , 0,2,4 3 ,
. , 4 ,
. , 5 , multiple fold ( )
, .
2 Huzita-(Justin)-Hatori
[14] , (1) $\sim(6)$ . ,
(7) 2001 , Justin[17] .
(1) 2 $p_{1},p_{2}$ .
(2) 2 $p_{1},p_{2}$ , $p_{1}$ $p_{2}$ .
(3) 2 $\ell_{1},$ $\ell_{2}$ , $\ell_{2}$ .
(4) $p$ $\ell$ , $r_{p}$ $\ell$ .
(5) 2 $p_{1},p_{2}$ $\ell$ , $r_{p_{2}}$ , $p_{1}$ $\ell$ .
(6) 2 $p_{1},p_{2}$ 2 $\ell_{1}$ , , $p_{1}$ $l_{1}$ , $p_{2}$ $\ell_{2}$
.
(7) $p$ 2 $\ell_{1},\ell_{2}$ , $r_{p}$ $\ell_{1}$ , $\ell_{2}$ .
, (6) ( $\lceil 3$ ) 3 ,
. single fold ( ) , 7
Lang[18] , $r_{single}$ fold 4
.
33 (review)
, 3 $t^{3}-2=0$ .
, 3 $t^{3}+at^{2}+bt+c=0$ ,
$[$20$]$ .
, $xy$ 3 $A(-1,$ $a),$ $B(-b,$ $c),$ $R(O,$ $\alpha)$ . 1 $c<0$
, $c>0$ .
$($ i $)$ 2 $x=1,$ $y=-c$ .
$($ ii $)$ $A$ $x=1$ , $B$ $y=-c$ .
$($ iii $)$ $AA’$ $P$ , $\vec{RP}$ 3 .
, ,
.. $A(-1,$ $a)$ $A’(1,$ $a+2y)$ ($y$ ).. $B(-b,$ $c)$ $B’(x,$ $-c)$ (X ).




1: 3 $t^{3}+at^{2}+bt+c=0$ $\vec{RP}$
$\vec{RP}(=y)$ 1 $t^{3}+at^{2}+bt+c=0$ ( ) .
(1) .
$AB=A’B’$ $\Rightarrow$ $f_{1}:=-x^{2}+2x-4y^{2}-4(a+c)y+b^{2}-2b-4ac$,
$AA’\Vert BB’$ $\Rightarrow$ $f_{2}:=xy+by+2c$ ,
$AA’\perp PQ$ $\Rightarrow$ $f_{3}:=-x+2y^{2}+2ay+b$ .
(2) $p:=y^{3}+ay^{2}+by+c$ .
(3) $J=(fi, f_{2}, f_{3})$ $\subset$ $Q(a, b, c)[x, y]$ ,
$p\in J$ . , $-$ $\vec{RP}$ .
I
3 1 3 , ,
1 $\Leftrightarrow$ 1
3 $\Leftrightarrow$ 3
, . , ,
.
3 $f(x)=x^{3}+ax+b$ $(a,$ $b\in Q)$ $D=-4a^{3}-27b^{2}$ .
, $f(x)$ $G$ $[$22$]$ .
(i) $D<0\Leftrightarrow f(x)$ 1 . $G\cong S_{3}$ .
$($ ii $)$ $D>0\Leftrightarrow f(x)$ 3 . $\sqrt{D}\in Q\Rightarrow G\cong$ Z3 $\sqrt{D}\not\in Q\Rightarrow G\cong S_{3}$ .
, $Q$ 3 . , Z3




1: 4 / ( )
$4T1\sim 4T5$ :Maple galois
$\cross$ ;
4 , , .




, $f(x)$ 3 $g(x)=(x-u)(x-v)(x-w)$ . ,
$g(x)=x^{3}-2qx^{2}+(q^{2}-4s)x+r^{2}$
, $g(x)$ $D$ $f(x)$ . , $g(x)$ $m,$ $g(x)$
$K_{0}$ , $f(x)$ $G$ [10] [22].
(i) $m=6\Rightarrow G\cong S_{4}$
(ii) $m=3\Rightarrow G\cong A_{4}$
(iii) $m=1\Rightarrow G\cong V$
(iv) $m=2\Rightarrow\{\begin{array}{ll}G\cong D_{8} . . f(x) \text{ } K_{0}(x) \text{ }G\cong Z4 f(x) \text{ } K_{0}(x) \text{ }\end{array}$
, 4 $0,2$ , 4 .
, , Maplel2[19]
1 . , $A_{4},$ $V$, Z4 $D>0$ ,
$D<0$ $\Leftrightarrow$ 2





\S 3 3 , 1 .




2 $y=kx+l$ $k$ . $($ $k^{3}+bk^{2}+ck+d=0$ $)$
2
4 $x^{4}+bx^{2}+2cx+d=0$ , $(c^{2}-bd<0, d<0)$ . . . . . . . .. . . . . . . . . . . . . . . .. . . .. . . . . . . . .. .. . $(\wp)$
. ,
$\{\begin{array}{ll}C: dx^{2}+2cxy+by^{2}+bd-c^{2}=0P_{2}: x^{2}=-4y\end{array}$
$Aa$ 2 2 $y=kx+l$ , $k$ 1 (Q) . ( $k^{4}+bk^{2}+2ck+d=0$
)
$C$ , . .
3
$(\wp)$
$e= \pm\frac{\sqrt{bd-c^{2}}}{d}$ ( $=$ ) $r=|e|\sqrt{-d}$
18
,$\{\begin{array}{l}C: x^{2}+y^{2}=r^{2}P: c^{2}x^{2}-2cdexy+d^{2}e^{2}y^{2}-4d^{2}ex=0(e, r \text{ } de^{2}=-r^{2}=(bd-c^{2})/d \text{ } )\end{array}$
$C$ $P$ $y=kx+\ell$ , $l$ $(\wp)$ . ( $\ell^{4}+bl^{2}+2c\ell+d=0$
.)
$P$ , , ,
single fold , 4 . 2 ,
$q(x)=x^{4}- \frac{177}{64}x^{2}+\frac{143}{64}x-\frac{15}{32}=(x-\frac{3}{8})(x-\frac{5}{8})(x-1)(x+2)$
[9] . ,
$\{\begin{array}{l}C: x^{2}+y^{2}=\frac{791}{7680} (\approx 0.320928^{2})P: \frac{20449}{16384}x^{2}+\frac{143\sqrt{791}}{8192}xy+\frac{791}{16384}y^{2}-\frac{15\sqrt{791}}{1024}x=0\end{array}$
, $P$
$( \frac{91345101271\sqrt{791}}{31536804003840}$ , $\frac{12416537368807}{31536804003840})$ $\approx$ (0.081462, 0.393716)
$y= \frac{\sqrt{791}}{143}x+\frac{91345101271}{212324057088}$
$\approx$ $y=0.196676x+0.430216$




Erik&Martin Demaine 2000 , $Huzita$-Hatori , multiple fold (
) , [8].
, , .
, RJ Lang 5 [18] . 3 , $AJ$
$X$ (double fold), $F’$ 3 , $C’,F’$ . Lang
, 2 .
$XA=XF’$ $\angle XFF’=\angle XF’F$ , $\alpha$ .
, $\angle EFC’=\angle C’FF’$ , $\beta$ , $\angle EAX=2\beta+\alpha$ .
$\angle C’F’F=90^{o}-\alpha,$ $\angle CFF’=90^{o}-\alpha,$ $CF=C’F’$ $CFF’C’$ $CC’\Vert FF’$ .
$YF’$ $FC$ 2 , $\triangle CYF’\equiv\triangle FYF’$ , $\angle CF’Y=\alpha$ .
, $\triangle C’FF’\equiv\triangle CF’F$ ( ) $\beta=2\alpha$ .
, $\angle EAX=5\alpha$ $\angle F’AX=\frac{1}{5}\angle EAX$ . 1
19
3:Lang
$A(0,0),$ $F(O, 0),$ $Y(0, u_{2}),$ $C(O, 2u_{2}),$ $F’(u_{1}, u_{2}),$ $C’(x_{1}, x_{2})$ .
$CFF’C’$ ,
(1) $FC=F’C’$ $\Rightarrow$ $f_{1}:=3u_{2}^{2}-x_{1}^{2}+2u_{1}x_{1}-u_{1}^{2}-x_{2}^{2}+2u_{2}x_{2}$ ,
(2) $FF’\Vert CC’$ $\Rightarrow$ $f_{2}:=u_{2}x_{1}-u_{1}x_{2}+2u_{1}u_{2}$ ,
(3) $\angle CFF’=\angle C’F’C$ $\Rightarrow$ $f_{3}$ $:=-u_{2}^{2}x_{1}+2u_{1}u_{2}x_{2}+u_{1}^{2}x_{1}-u_{1}^{3}-u_{1}u_{2}^{2}$.
, $\beta=2\alpha$ , 2 $\tan 2\theta=\frac{2\tan\theta}{1-\tan^{2}\theta}$
$g:=-3u_{1}^{2}u_{2}x_{1}+u_{2}^{3}x_{1}+u_{1}^{3}x_{2}-3u_{1}u_{2^{X}2}^{2}$ .
, , $g\in(f1, f_{2}, f_{3})$ .
I
, Lang , 5 , $2\beta+\alpha$
, $\beta=2\alpha$ . , , 2
$(=2$ $)$ , $5$ .
, F.Ghourabi, T.Ida, H.Takahashi [12] , 4 ( $-$ fold), 5
. , $\tan\theta$ 5
$\tan 5\theta=\frac{5\tan\theta-10\tan^{3}\theta+\tan^{5}\theta}{1-10\tan^{3}\theta+5\tan^{4}\theta}$
, $5$ , 5
.
R.C.Alperin, R.J.Lang[3] $1h$
$n$ , $(n-2)$-fold .
$n$ , $(n-2)$-fold .
20
, $n=5$ . $n=4$ ,
, single fold , . , 5 ,
5 $\Leftrightarrow$ $\leq 20$
[22] , , $2$-fold 3-fold
. , $\cos\theta$ 5 5
$f(x)=16x^{5}-20x^{3}+5x-\alpha$ $(\alpha=\cos 5\theta, x=\cos\theta)$
, $f(x)$ , 20 . , $f(x)$ $*$






.. Lang double fold 5 .
5 .
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